The importance of strict glycaemic control to the successful outcome of a diabetic pregnancy is well established. 1 Fructosamine and glycated haemoglobin (HbA le ) are recognized markers of diabetic control but quoted reference ranges are generally established from the non-pregnant state and are not specific for ethnic group. In view of the physiological changes occurring during pregnancy, significant changes in these parameters are likely. We describe the establishment of trimester-and ethnic group-related reference ranges for fructosamine and HhA}, in non-diabetic pregnancy.
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PATIENTS AND METHODS
This was a prospective study over a 6-month period. Blood samples were collected for measurement of fructosamine and HbA le from 516 nondiabetic women [267 Caucasian (mean age = 29·5 years, SD=5'5) and 249 Asian (mean age = 26·4 years, SD = 5·1)] attending ante-natal clinics at one institution. Uncomplicated singleton pregnancies only were included. Women with known or suspected renal, cardiac, liver, metabolic or haematological diseases were excluded. Diabetes was excluded by routine ante-natal screening (i.e., no glycosuria at each visit to clinic, each patient attending ante-natal clinic on at least eight occasions during pregnancy, plus the absence of any previous history of obstetric complications, spontaneous abortions, stillbirths or offspring with congenital anomalies, and the absence of any family history of diabetes). The patients were not fasting. Serum fructosamine was determined colorimetrically (ILab 900, Correspondence: Dr A 1 Hartland.
Instrumentation
Laboratory, Warrington, UK) using the Unimate FRA assay (Roche Diagnostics, Welwyn Garden City, UK) based on the ability of ketoamines to reduce nitroblue tetrazolium in alkaline solution.? Samples for HbA le determination were collected into tubes containing ethylene diarnine tetra-acetic acid (EDTA) and HbA le was measured using a latexenhanced turbidimetric immunoassay (Unimate 3, Roche Diagnosticsj.'
Statistical analysis
Reference ranges were determined according to International Federation of Clinical Chemistry (IFCC) recommendations." Because the distributions of values for fructosamine and HbA l e were skewed, these variables were logarithmically transformed and geometric means are presented. Ranges were determined as mean ± 1·96 SD. Student's t-test (unpaired) was applied to investigate any differences between the means of the various groups.
RESULTS
Fructosamine values were lower in successive trimesters in both the Caucasian and Asian patients (see Table 1 ). In the Caucasian patients this difference was statistically significant between each trimester (P < 0,001). Trimester (T)-related differences were less marked in the Asian patients but still reached statistical significance (Tl vs T2, P = 0·05, T2 vs T3, P < 0'001). In addition, trimester-related ranges were significantly different between Caucasians and Asians [mean values (Jlmol/L): Tl 220 vs 211, P=0'002; T2 211 vs 206, P=O'044; T3 187 vs 194, P=O·OOl).
For HbA l e although mean values for each trimester showed little variation, in Caucasians the P value of the difference between the second and third trimesters was 0·001 (means: 5·0 vs 5'2%). Similarly, between ethnic groups the mean HbA lc varied little, although for the first trimester the P value of this difference was 0·002 (mean: 5·1 vs 5,2) (see Table 1 ).
DISCUSSION
One of the principal reasons for the progressive fall in fructosamine concentrations during pregnancy is probably the large dilutional effect on plasma proteins. Total body water increases by approximately 7 L during pregnancy, with half this increase being confined to the extracellular fluid. Although concentrations of globulins, especially acute phase proteins, increase slightly and levels of lXI-antitrypsin, fibrinogen and caeruloplasmin increase two-to three-fold during pregnancy, the overall effect is a dilution of total protein concentration.? Other researchers have shown that correcting for total protein concentration largely eliminates any changes in fructosamine levels during nondiabetic Caucasian pregnancy, although possible racial differences have not been investigated." In a clinical setting, performing total protein analyses on all samples for later correction is unnecessary and expensive if trimester-related ranges are available. In this study it is important to note that for each trimester and in each ethnic group the fructosamine range was markedly different from the 200-285 J.lmol/L range routinely quoted by most laboratories using this method, including our own. HbA 1c does not vary much between trimesters or between ethnic groups. Although some of the differences reach statistical significance, the absolute differences are small and it is debatable whether these are of clinical significance (e.g., mean: 5·1 vs 5·2, P=O·OOI). Undoubtedly, the long half-life of red blood cells is responsible for this stability. In this study HbA 1c levels ranged from 4·3-6,1 %, which is narrower than the reference range quoted by most laboratories, including our own, for this method (3'5-6'5%). Our strict inclusion criteria, with exclusion of all patients showing glycosuria irrespective of the result of subsequent oral glucose tolerance testing, may have contributed to the narrow range obtained. However, to be sure of strict glycaemic control it may be appropriate to reduce the upper limit of the reference range during pregnancy, although it remains debatable whether the establishment of trimester-related or ethnic group-related ranges is necessary for HbA 1c assessment.
CONCLUSION
This study confirms the need for trimesterrelated and ethnic group-related reference ranges for fructosamine if glycaemic control during pregnancy is to be accurately assessed by this method. This appears not to be necessary for HbA\c in view of the lack of variability. However, the range identified for HbA lc is narrower than the range quoted for nonpregnant subjects, and it may be appropriate to impose stricter upper limits in pregnancy.
